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Abstract— A comprehensive analysis of influence of probe 
geometry on localized surface plasmon resonance 
phenomenon is presented. Plasmonic responses of noble 
metal nanoparticles such as AuNPs and AgNPs have been 
exclusively examined by adopting D-type and tapered optical 
fiber probes for the detection of methanol. With increase in 
concentration of methanol, the effective refractive index of 
the medium changes which leads to alter absorbance 
characteristics of the NPs; thereby modulating the eventual 
output responses of the proposed sensor. A comparative 
study has been presented with respective change in 
geometrical shapes of the probes to detect methanol. The 
sensitivity in case of D-type probe for detection of methanol 
is found to be ~0.09644 mV/ppm with AuNPs and ~0.03038 
mV/ppm with AgNPs. On the other hand, the sensitivity for 
AgNPs coated probe is found to be ~0.00389 mV/ppm and 
0.00379 mV/ppm for AuNPs in case of tapered probe.   
 
I. INTRODUCTION 
ptical fiber probe provides miniaturized platform as 
compared to bulky prism and microscopic system for 
plasmonic responses [1-5]. The use of an optical 
fiber probe makes a sensing system simple, compact and 
cost-effective as well as portable [3]. The performance of 
a sensor can be improved by utilizing optical fiber probes 
of variable geometries [2-3]. Till date, a number of optical 
fiber sensors have been reported with variable geometries 
such as tapered, D-type, U-bent, hetero-core structured, 
arrayed fiber end face and so on [2-9]. Change in probe 
geometry affects the coupling of light with analytes and 
thereby alters distribution of evanescent wave onto the 
exposed portion of a probe [3]. Fiber optic sensor based 
on localized surface plasmon resonance (LSPR) 
phenomenon is one of the powerful tools for label free 
sensing and point of care applications [10-12]. Utilization 
of noble metal NPs aids control and optimization in 
sensing system [3-5]. Moreover, plasmonic response of 
noble metal nanoparticles (viz. gold and silver NPs) can 
also be tuned by varying the geometry of a probe in a 
fiber-optic sensing system. Of late, extensive research has 
been carried out by adopting LSPR enhanced U-bent 
optical fiber probe based sensing of different volatile 
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liquids, size of NPs as well as detection of heavy metal 
ions [6-15]. Different research groups have demonstrated 
techniques to enhance the sensitivity of the evanescent 
wave across the unclad region of the fiber by modifying 
the probe into different shapes such as tapered, tapered 
tip, biconal taper, straight and U-bent [7-17]. However, to 
the best of our knowledge, low cost LSPR based volatile 
liquid sensing using diverse  probe geometries has not 
been addressed till now. As a proof of concept, two 
variable geometrical fibers have been utilized to detect the 
proposed analyte along with a comparative study between 
each shape. 
This present work is aimed at outlining of the sensing 
capabilities of D-type and tapered optical fiber probes 
with respective change in effective refractive index of the 
used analyte i.e., methanol. In a D-type optical fiber 
probe, portion alike D shape of the cladding (~1cm) is 
removed at the middle whereas in tapered optical fiber 
probe, the whole central cladding (~1cm) part is removed 
through chemical etching technique. The tapered one has 
been fabricated by heating and pulling technique. 
Schematic of D-shaped as well as tapered fiber probe is 
illustrated in Fig. 1(a). In the tapered fiber, the mid 
portion is meant for impregnation with NPs. Likewise, in 
D-shaped fiber too, the mid D-shaped region is meant for 
impregnation. Each probe has been fabricated according 
to feasibility that can offer minimal loss. Utilizing 
aforementioned probes, methanol has been used as 
analyte with coating of noble metal NPs onto the sensing 
region. Further, a low cost optical detector (CMOS) has 
been used to observe the responses in lieu of an expensive 
spectrophotometer. The use of a simple detector not only 
reduces the cost of the set-up but also makes the set-up 
compact. 
II. DETAILS OF EXPERIMENTAL SET-UP 
The proposed sensing set-up is composed of a test 
chamber where the probes are fixed individually while 
checking the responses. After fabricating the probe with 
heating as well as pulling technique [3], the exposed 
portion is cleaned and impregnated with each noble metal 
NPs, independently. A broadband light source [Thorlabs, 
SLS202L] has been used which is followed by a 
collimator [Thorlabs, F810FC], and on the other side of 
the set-up, an optical detector [Coherent Optics, 1098313 
RoHS] is affixed to observe the changes via a collimator. 
Methanol is kept inside test chamber. The schematic is 
depicted in Figure 1(b). While performing the experiment, 
a multimode silica optical fiber has been used having 
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core/cladding diameter of 800/1000 μm and numerical 
aperture (NA) ~0.39 [Thorlabs], which has been used for 
fabricating the probe for experiment. For detection 
purpose, a CMOS (metal-oxide: SnO2) sensing head has 
been used during the experiment along with 
microcontroller (Arduino Inc.). The sensing head is a low 
cost semiconductor sensor; capable of detecting the 
presence of volatile liquids of our designed sensor. Thus, 
the variation in concentration of volatile liquid has been 
observed using the designed sensing head. 
   The noble metal NPs particles of size ~40nm are 
synthesized following [20-24], by reduction of trisodium 
citrate (Na3C6H5O7•2H2O) method. The shape and size of 
each NP’s have been characterized by UV-Vis and TEM 
analysis. Also, to coat the NPs onto the decladded 
portions, each fiber has been kept into piranha solution for 
about 10 to 15 minutes, followed by acetic acid for about 
2 to 3 hours for exterior silanization. The aforementioned 
treatment onto the decladded portions of the fibers leads 
to self-assembly of NPs which helps to detect the 
proposed analyte [19].   
 
Fig. 1 (a) Schematic of D-shaped and tapered fiber probe 
 
 
Fig. 1 (b) Schematic of the set-up 
III.        RESULTS AND DISCUSSIONS 
The probe geometry can alter the sensing performance of 
a sensing set-up. The evanescent wave being coupled with 
noble metal NPs resides on the exposed portion of the 
probe that brings measurable changes as detected by the 
optical receiver. Injection of VLs near to the NPs coated 
probe leads to vary the effective RI of the adjacent 
environment according to LSPR phenomenon. 
Accordingly the variation has been observed in the output 
with respect to the proposed probes. For D-type probe 
coupling occur only the half of the cylindrical exposed 
portion. In tapered probe, coupling hovers around the 
beam waist. Thus, with progressive change in 
concentration of the proposed VL, the responses can be 
changed which thereby facilitates detection of the 
proposed VL.   
To calculate concentration, a sensing head along with 
microcontroller (Arduino Inc.) device has been used. The 
sensor can also easily detect the change in vapor 
concentration in real-time as illustrated by Fig. 1 (c). In 
order to attain the response from the sensing head, the 
concentration of volatile liquid has been changed in 
known concentrations and the corresponding output has 
been taken. The calibrated curve (concentration as 
abscissa and voltage response as ordinate) in Fig. 1 (c) 
shows the changes of the VLs inside the chamber. The 
initial output of the sensing head has been recorded to be 
0.32 mV without introduction of VL and is found to be 
increasing with rising concentration of volatile liquid, 
accompanied by a eventual saturation stage of 6.7 mV 
nearing 600 ppm. Also, SEM image of coating of AuNPs 
on D-shaped fiber as well as TEM images of the NPs 
have been provided as Fig. 1 (d)-(f). 
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Fig 1  (c). Calibration curve of the sensing head 
 
Fig. 1 (d) SEM image of the exposed portion of the D-shaped fiber 
coated with AuNPs.  
 
Fig. 1 (e) TEM images of the 40nm NPs (a) AuNPs and (b) AgNPs 
D-shaped Fiber
Tapered Fiber
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Fig. 1 (f) SEM image of AuNPs coated layer in case of D-shaped fiber 
 
The purpose of the paper is to compare sensitivity of 
noble metal NPs in presence of methanol with variable 
geometries of the probes (i.e., D-type and tapered). The 
responses in each set of fiber probe have been measured 
in terms of voltages with corresponding change in 
concentration of the proposed volatile liquid. Optical 
response of each probe has been observed by 
impregnation of the NPs onto the exposed portion with 
suitable technique. Blank response for each set of probes 
of the sensing set-up with each NP’s has been noted 
before initiating the experiment. It is to be mentioned that 
D-type optical fiber allows the coupling to only half of the 
cylindrical portion [Fig1 (a)]. Initially, in absence of 
methanol, the response of the sensing set-up is found to 
be 2.2 mV for AuNPs and 2.1 mV for AgNPs probe, 
respectively. After introduction of methanol onto the test 
chamber, the response of the set-up starts increasing with 
increase in concentration of the proposed analyte. Volatile 
nature of methanol leads to change in the effective 
refractive index of the medium adjacent to the NPs of the 
environment inside the test chamber. With passage of 
time, the concentration gradually rises which accordingly 
increases the effective refractive index of the medium. As 
such, it modulates responses of sensing set-up. The 
responses of each noble metal NPs for D-type probe are 
illustrated in figure 2. There is a dip observed in each set 
of NPs coated in case of D-type probe which is ascribed 
to the coupling of evanescent wave field with the half of 
the exposed portion of the fiber. In D-type probe, only 
half of the probe is exposed; while the other half is 
utilized by the electromagnetic wave to complete the total 
internal reflection (TIR). This leads to attenuated TIR. 
This attenuated TIR prevails until the beam reaches at the 
core-cladding interface which leads to dip in the output. 
Thus, the variation has been observed in the output for 
AuNPs and AgNPs coated probe in presence of methanol. 
Eventually, there occurs saturation at 27.02 and 16.89 mV 
for AuNPs and AgNPs, respectively once complete 
vaporization of methanol inside the chamber takes place. 
In the working domain of 0-235.37 ppm, the sensitivity of 
the sensing set-up is found to be 0.0964 mV/ppm with 
limit of detection (LOD) of 174.24×10
-2
 ppm for AuNPs 
coated probe. Table 1 enlisted the performances of the 
sensor for D-type probe in case of AgNPs coated probe 
respectively.  
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Fig 2. Response of the sensing set-up vs. concentration of methanol in 
case of AuNPs and AgNPs coated probe 
 
As observed in figure 2, the set-up follows sigmoid 
pattern and thus, from fitting, the regression in each case 
of noble metal NPs is found to be ~1. The empirical 
equations of D-type probe followed by the AuNPs and 
AgNPs coated probes are as follows: 
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Here, Ym (dependent parameter) and Xm (independent 
parameter) represent voltage and concentration, 
respectively. Likewise, the variation has been observed 
for tapered optical fiber probe. Before initiating the 
experiment, the probe has been cleaned and dried by 
keeping the chamber free from volatile liquid. To confirm 
that the chamber is free from methanol, the initial reading 
has been noted for a while and after getting a fixed value, 
experiment has been initiated by gradual increase in 
concentration of analyte. Initially, with the tapered probe, 
the response is found to be 0.5 mV and 0.44 mV for 
AuNPs and AgNPs, respectively. Since, tapered fiber 
probe is fully decladded at the center; the evanescent 
wave coupling occurs at the center to fulfill the total 
internal reflection at the end face of the probe [Illustration 
at Fig 1 (a)]. The LSPR principle followed by tapered 
probe is in similitude to that of D-type probe, except the 
coupling. This probe allows complete TIR without any 
attenuation as the complete central clad has been 
removed. Consequently, no dip has been observed. The 
response with respective change in concentration is 
depicted in Figure 3 for AuNPs and AgNPs, respectively 
for better clarity. The sensing parameters are enlisted in 
Table 1. It is quite evident that in case of tapered probe, 
the blank response in absence of analyte is quite low as 
compared to D-shaped fiber. D-shaped fiber exhibits 
augmented intensity relative to tapered one. However, in 
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terms of intensity profile, tapered probe outsmarts the D-
shaped fiber which is  
Table 1: Performance of the proposed set-up 
 
evidenced by the appearance of a dip in the latter. The 
abstinence of dip in tapered one makes the intensity 
profile better. Meanwhile, in terms of linearity, the D-
shaped is superior with respect to the tapered one. In case 
of tapered one, sensitivity is less with AuNP. On the 
contrary, the same yields better sensitivity for AgNP 
relative to D-shaped one. However, D-shaped offers 
higher limit of detection which is inclusive of both NPs. 
On the other hand, tapered renders least limit of detection 
with AuNP as compared to AgNP. The values are 
considerably smaller than those obtained for D-shaped 
one. Similarly, both tapered and D-shaped provide 
substantial working domain in case of AgNPs where as 
working domain decline in case of AuNPs for both the 
geometries. Summarily, D-shaped yields better response 
than its counterpart. All these comparative analysis is 
elaborated in Table 1.    
    
0 50 100 150 200 250 300 350 400
0.0
0.5
1.0
1.5
2.0
2.5
3.0
 AuNPs (Tappered)
 AgNPs(Tappered)
 R
2
=0.993
 R
2
=0.987
R
e
sp
o
n
se
 (
m
V
)
Concentration (ppm)
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Time (minute)
Fig. 3: Response of the sensing set-up vs. concentration of methanol in 
case of tapered AuNPs and AgNPs coated probe 
 
By fitting the response curve as before, the empirical 
formula for tapered probe can be expressed as follows for 
AuNPs and AgNPs, respectively. 
AuNPs: 
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AgNPs: 
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IV. CONCLUSION 
In summary, the sensing performances of two different 
probe geometries are broadly assessed and corresponding 
results are analyzed. It is found that the D-type probe is 
found to show good response towards changes than that 
of tapered probe. With AgNPs coating, the probe yield 
regression of ~0.99 and ~0.98. On the other hand, for 
AuNPs coated probe, the responses are found to be almost 
similar in each set of configuration. The former provides 
better responses as compared to AgNPs. The highest 
sensitivity is found to be ~0.0964 mV/ppm for AuNPs 
coated D-type optical fiber probe. It is quite apparent that 
each set of probe is quite responsive towards the 
plasmonic behavior of the NPs with respect to methanol. 
However, the tapered fiber also renders an excellent 
response in terms of intensity. Precisely, each probe can 
be used for detection of methanol in the range of 0-
500ppm. Thus, the proposed sensing set-ups can be used 
for detection and control of methanol concentration as 
200-375ppm range is considered to be harmful for human 
body inhalation. The simplicity in design due to use of 
optical detector in lieu of spectrophotometer makes the 
whole implementation cost-effective and portable. The 
proposed sensing set-up can also be used to detect other 
volatile liquids and can also be used to reduce the 
environment inhalation. With an excellent repeatability 
rate, these schemes can be extended for real time 
monitoring with embedded electronics. These schemes 
have enough potential to be applied for implementation in 
detection of hazardous vapors in industrial as well as lab 
safety operations.  
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